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This thesis reports on experimental and modelling work carried out in order to make 
quantitative estimates on the environmental impacts of home composting. The focus of 
the work was climate relevant gaseous emissions, and developing and utilising a 
methodology for quantifying them. Experiments using 220L open bottomed home 
compost bins, alongside purpose built 200L composting reactors with airflow control 
were performed. A variety of composting conditions were tested, using different 
compositions of garden and kitchen wastes. The experiments were monitored for 
headspace gas composition, including CO2, O2, NH3, N2O, CH4 and volatile organic 
compounds, as well as temperature, humidity, moisture and solids losses and pH.  
  From the CO2 emission rates calculated from the reactor experiments, theoretical 
analysis and modelling and airflow pathway tests on home compost bins, it was 
concluded that molecular diffusion, rather than bulk convective flow, is the dominant 
gas transfer mechanism from home compost bins. There were no detected emissions of 
N2O but emissions of NH3 up to 16 g/T feed. Only a few cases of CH4 emission were 
detected, typically in the first 2-3 days following a feed addition, with the highest single 
concentration measured at 86 ppm within the headspace.  
  The total anthropogenic greenhouse gas emissions from home composting were 
estimated as between 3 and 12 Kg CO2E/Tw with almost 90% coming from the lifecycle 
of the compost bin. This compares with between 20 and 56 Kg CO2E/Tw from 
centralised facilities, at least more than double that for home composting. Total 
anthropogenic CO2-equivalent emissions from home composting in the UK in 2008 
were estimated to be in the region of 7 thousand tonnes CO2E. iii 
2.8.5. Direct comparisons between the alternative approaches..........................49 
2.9. Previous research into home composting..........................................................53 
2.9.1. Home composting: Process, diversion and end-use.................................53 
2.9.2. EA Home compost study........................................................................58 
2.9.3. Summary................................................................................................62 
2.10. Selection of experimental approach................................................................63 
2.11. Home compost bin system..............................................................................64 
2.12. Monitoring emissions from an open system....................................................66 
2.12.1. Summary..............................................................................................71 
2.13. Reactor based system .....................................................................................71 
2.13.1. Temperature.........................................................................................71 
2.13.2. Aeration system....................................................................................72 
2.13.3. Determination of suitable air flow rates ................................................73 
2.14. Feeding regime...............................................................................................76 
2.15. External environment effects..........................................................................78 
3. Trial experiments....................................................................................................80 
3.1. Trial materials and methods..............................................................................80 
3.1.1. Standard naturally aerated home composting system...............................80 
3.1.2. Forced aeration sealed composting system..............................................81 
3.1.3. Location/environment.............................................................................82 
3.1.4. Input materials........................................................................................83 
3.1.5. Temperature...........................................................................................84 
3.1.6. Humidity................................................................................................84 
3.1.7. Solids sampling technique ......................................................................84 
3.1.8. Carbon dioxide and methane analysis .....................................................86 
3.1.9. Elemental analysis..................................................................................86 
3.1.10. Moisture Content and Volatile Solids....................................................86 
3.1.11. pH and Volatile fatty acids....................................................................87 
3.1.12. Leachate collection from open bins.......................................................87 
3.1.13. Trial H.C. bin experiment protocols......................................................88 
3.1.14. Trial reactor experiment protocols ........................................................89 
3.1.15. Trial insulation experiment...................................................................90 
3.2. Trial H.C. bin experiment results......................................................................91 
3.2.1. Temperature...........................................................................................91 iv 
3.2.2. Carbon dioxide concentration.................................................................92 
3.2.3. pH..........................................................................................................92 
3.2.4. Humidity................................................................................................93 
3.3. Trial reactor experiment results........................................................................94 
3.3.1. Temperature...........................................................................................94 
3.3.2. Carbon dioxide concentration.................................................................95 
3.3.3. pH..........................................................................................................95 
3.3.4. Humidity................................................................................................96 
3.4. Trial insulation experiment...............................................................................96 
3.5. Trial discussion................................................................................................97 
3.5.1. Temperature...........................................................................................97 
3.5.2. Carbon dioxide concentrations................................................................97 
3.5.3. pH..........................................................................................................98 
3.5.4. Humidity................................................................................................99 
3.5.5. CH4 analysis.........................................................................................100 
3.5.6. H.C. bin leachate collection..................................................................100 
3.5.7. Insulation experiment ...........................................................................100 
3.6. Trial conclusions............................................................................................100 
4. Materials and methods ..........................................................................................102 
4.1. Standard naturally aerated home composting system......................................102 
4.2. Forced aeration sealed reactor composting system..........................................102 
4.3. Input materials ...............................................................................................103 
4.4. Headspace depth ............................................................................................104 
4.5. Internal mesh lining........................................................................................104 
4.6. Gas analysis ...................................................................................................105 
4.7. Individual Experimental methods...................................................................106 
4.7.1. Cumulative feeding H.C. bin experiment..............................................106 
4.7.2. Cumulative feeding reactor and H.C. bin comparison experiment.........107 
4.7.3. Cumulative feeding H.C. bin experiment to measure methane ..............108 
4.7.4. Food waste experiment.........................................................................109 
4.7.5. H.C. bin waste addition size experiment ...............................................109 
4.7.6. Reactor feed composition experiment...................................................110 
4.7.7. Water addition and activity time experiment.........................................110 
4.7.8. Headspace volume experiment..............................................................111 v 
4.7.9. Gas transfer experiment........................................................................111 
4.7.10. Reactor flow rate experiment..............................................................112 
5. Results..................................................................................................................113 
5.1. Cumulative feeding H.C. bin experiment........................................................113 
5.1.1. Temperature and CO2 concentration profiles.........................................113 
5.1.2. Physical measurements.........................................................................116 
5.2. Cumulative feeding reactor and H.C. bin experiment......................................118 
5.2.1. Temperature and CO2 concentration profiles.........................................118 
5.2.2. Physical measurements.........................................................................119 
5.3. Cumulative feeding H.C. bin experiment to measure methane........................120 
5.3.1. Headspace CO2 concentration profile....................................................120 
5.3.2. Physical measurements.........................................................................120 
5.4. Food waste experiment...................................................................................121 
5.4.1. Headspace CO2 concentration profiles..................................................121 
5.4.2. Temperature profiles.............................................................................122 
5.4.3. Physical measurements.........................................................................124 
5.5. H.C. bin waste addition size experiment.........................................................124 
5.5.1. Headspace CO2 concentration profiles..................................................124 
5.5.2. Temperature profiles.............................................................................126 
5.5.3. Physical measurements.........................................................................129 
5.6. Reactor feed composition experiment.............................................................130 
5.6.1. Headspace CO2 concentration profiles..................................................130 
5.6.2. Temperature profiles.............................................................................132 
5.6.3. Physical measurements.........................................................................136 
5.7. Water addition and activity time experiment...................................................137 
5.7.1. Headspace CO2 concentration profiles..................................................137 
5.7.2. Physical measurements.........................................................................139 
5.8. Headspace volume experiment .......................................................................140 
5.9. Gas transfer experiment..................................................................................141 
5.9.1. Physical measurements.........................................................................141 
5.10. Reactor flow rate experiment........................................................................142 
5.10.1. Carbon dioxide concentration profiles.................................................142 
5.10.2. Temperature profiles...........................................................................144 
5.10.3. Physical measurements.......................................................................146 viii 
Table 21: Average generated leachate properties (Wheeler 2003)................................61 
Table 22: Home compost chemical composition compared to PAS 100 specifications 
(British Standards 2002; Wheeler 2003)......................................................................62 
Table 23: Compost systems available for use in home composting..............................64 
Table 24: Air pathways from Figure 11.......................................................................67 
Table 25: Composition of the weekly feed given to the five open bottomed composting 
bins.............................................................................................................................89 
Table 26: Temperature summary for trial H.C. bin experiment feed addition 1............91 
Table 27: Temperature summary for trial H.C. bin experiment feed addition 2............91 
Table 28: Average headspace CO2 concentrations in trail H.C. bin experiments..........92 
Table 29: Average pH in Trial Emissions H.C. bin experiments..................................92 
Table 30: Percentage error in surface and solution pH measurements..........................93 
Table 31: Trial reactor experiment temperature results summary.................................94 
Table 32: Trial reactor experiment average CO2 concentrations ..................................95 
Table 33: Trial reactor experiment compost and leachate pH results............................95 
Table 34: Waste inputs and experimental justification for cumulative feeding H.C. bin 
experiments ..............................................................................................................107 
Table 35: Waste inputs and experimental justification for cumulative feeding reactor 
and H.C. bin comparison experiments.......................................................................108 
Table 36: Cumulative feeding H.C. bin experiment to measure methane waste inputs108 
Table 37: Food waste experiment waste input composition.......................................109 
Table 38: Feed size experiment waste inputs.............................................................110 
Table 39: Feed composition experiment waste inputs................................................110 
Table 40: Cumulative feeding H.C. bin experiment results summary.........................117 
Table 41: Cumulative feeding reactor and H.C. bin comparison experiment physical 
measurements...........................................................................................................119 
Table 42: Physical measurements..............................................................................121 
Table 43: Food waste experiment physical measurements (End of stage 1) ...............124 
Table 44: H.C. bin waste addition size experiment physical measurements...............129 
Table 45: Reactor feed composition experiment physical measurements (a)..............136 
Table 46:  Reactor feed composition experiment physical measurements (b).............136 
Table 47: Water addition and activity time experiment physical measurements (a)....139 
Table 48: Water addition and activity time experiment physical measurements (b) ...139 
Table 49: Headspace volume experiment physical measurements .............................140 ix 
Table 50: Average and maximum headspace %CO2 concentrations in differently sealed 
H.C. bins...................................................................................................................142 
Table 51: Gas transfer experiment physical measurements........................................142 
Table 52: Reactor flow rate experiment physical measurements................................147 
Table 53: Average and maximum headspace %CO2 concentrations in open compost 
bins with different headspace volumes......................................................................156 
Table 54: Summary of headspace CO2 concentrations in 14 days following a feed 
addition in H.C. bin experiments (n=75) ...................................................................157 
Table 55: Comparison of correlation coefficient for CO2 concentration versus Feed 
additions and Total feed addition / Headspace volume..............................................159 
Table 56: Summary of temperatures detected throughout all conducted composting 
experiments ..............................................................................................................161 
Table 57: Linear correlation of temperature (
oC) with total feed addition mass (Kg) 
(n=75).......................................................................................................................161 
Table 58: Total leachate production and properties for a range of feed additions.......163 
Table 59: Water extractable nutrients in three tested composts..................................164 
Table 60: Potentially toxic elements in three tested composts....................................165 
Table 61: Comparison between CO2 concentrations in reactor and compost bin 
experiments ..............................................................................................................166 
Table 62: CO2 concentrations in Reactor experiments fed 9.9Kg grass......................166 
Table 63: CO2 concentrations in H.C. bin experiments..............................................166 
Table 64: Average rate of CO2 emission calculated from composting reactors ..........170 
Table 65: Maximum rate of CO2 emission during first 24 hours from composting 
reactors.....................................................................................................................170 
Table 66: Details of experiments showing raised CH4 concentrations in headspace or 
internal gases............................................................................................................174 
Table 67: Upper limits of CH4 emission....................................................................178 
Table 68: 14 day average NH3 and N2O concentrations from passive diffusion tube 
analysis.....................................................................................................................179 
Table 69: Volatile Organic Compound concentration................................................180 
Table 70: Analysis of trends in %CO2 concentration in repeated feed additions ........182 
Table 71: Anthropogenic GHG emissions from transport and processing machinery in 
centralised composting..............................................................................................185 
Table 72: Total anthropogenic GHG emissions from home composting ....................185 x 
Table 73: Mass balance data .....................................................................................186 
Table 74: Estimated annual total, anthropogenic and biogenic CO2 emissions from home 
composting in the UK in 2008...................................................................................187 
Table 75: Species diversity of the dominant microorganisms isolated during different 
composting phases (Ryckeboer et al. 2003)...............................................................198 
Table 76: Review of home composting process variables and experimental parameters 
and comments on their significance and the likely frequency of specific options in home 
composting ...............................................................................................................200 
Table 77: Selection of PAS 100 limit levels of defined parameters............................206 
Table 78: Selection of APEX limit levels of defined parameters................................207 
Table 79: Further monthly tests for APEX specification............................................208 
Table 80: Selection of Eco-label limit levels of defined parameters...........................209 
Table 81: Feed material properties measured during this project and from the literature 
((Northeast Regional Agricultural Engineering Service (NRAES) 1992), (Kulcu et al. 
2004), (Eklind et al. 2000), (Epstein 1997), (Michel Jr. et al. 1992), (Ward et al. 2005))
.................................................................................................................................211 
Table 82:Water extractable nutrients.........................................................................212 
Table 83: Potentially toxic elements..........................................................................213 
Table 84: Physical properties ....................................................................................213 
Table 85: Equations necessary for the calculation of headspace volume from compost 
depth.........................................................................................................................215 
Table 86: Calculation of gas emission rate from concentration data and air flow rate 216 
 xii 
Figure 24: Trial reactor experiment humidity results...................................................96 
Figure 25: Temperature profiles of compost at the top, middle, side and bottom without 
insulation (0-7 days) and with insulation (8-21 days) in H.C. bins (left) and reactors 
(right). ........................................................................................................................96 
Figure 26: Trial insulation experiment CO2 concentrations in the reactors (left) and H.C. 
bins (right)..................................................................................................................97 
Figure 27: Use of mesh bags in composting expermients...........................................104 
Figure 28: Large feed garden waste experiment temperature and CO2 concentration 
profiles .....................................................................................................................114 
Figure 29: Garden waste low C:N experiment temperature and CO2 concentration 
profiles .....................................................................................................................115 
Figure 30: Garden and Kitchen waste experiment temperature and CO2 concentration 
profiles .....................................................................................................................115 
Figure 31: Insulation experiment temperature and CO2 concentration profiles...........116 
Figure 32: Garden waste experiment temperature and CO2 concentration profiles.....116 
Figure 33: Temperature and CO2 concentration profiles in the reactors.....................118 
Figure 34: Temperature and CO2 concentration profiles in the H.C. bins...................119 
Figure 35: Headspace CO2 concentration profile in cumulative feeding H.C. bin 
experiment to measure methane................................................................................120 
Figure 36: Food waste experiment stage 1 CO2 concentration profiles.......................121 
Figure 37: Food waste experiment stage 2 CO2 concentration profile........................122 
Figure 38: Food waste experiment temperature profiles in stage 1.............................123 
Figure 39: H.C. bin waste addition size experiment CO2 concentration profiles.........125 
Figure 40: H.C. bin 10Kg grass temperature profiles.................................................126 
Figure 41: H.C. bin 16 Kg grass temperature profiles................................................127 
Figure 42: H.C. bin 24Kg grass temperature profiles.................................................128 
Figure 43: Reactor feed composition experiment CO2 concentration profiles ............131 
Figure 44: 1.5L/min MGW Temperature profiles......................................................133 
Figure 45: 1.5L/min Grass+MGW (Higher C:N) Temperature profiles......................133 
Figure 46: 1.5L/min Grass+MGW (Lower C:N) Temperature profiles......................134 
Figure 47: 1.5L/min Grass Temperature profiles.......................................................135 
Figure 48: Water addition experiment CO2 concentration profiles.............................138 
Figure 49: Headspace carbon dioxide concentration profiles of open compost bins with 
different headspace volumes.....................................................................................140 xiii 
Figure 50: Headspace %CO2 concentration profiles for differently sealed compost bins
.................................................................................................................................141 
Figure 51: Reactor flow rate experiment CO2 concentration profiles.........................143 
Figure 52: Reactor flow rate experiment temperature profiles ...................................146 
Figure 53: Comparison between Reactor and compost bin systems (bars indicate 
standard deviations)..................................................................................................149 
Figure 54: Effects of feed composition on composting parameters (bars indicate 
standard deviations)..................................................................................................152 
Figure 55: Effects of water addition on composting parameters (bars indicate standard 
deviations)................................................................................................................153 
Figure 56: Proportional differences in key composting parameters caused by size of feed 
addition (bars indicate standard deviations)...............................................................155 
Figure 57: Box plots of maximum, 3-day average and 14-day average headspace CO2 
concentrations in 14 days following a feed addition in H.C. bin experiments (n=75).157 
Figure 58: Maximum CO2 concentration versus Total feed addition..........................159 
Figure 59: Maximum CO2 concentration versus Grass feed component.....................160 
Figure 60: Maximum CO2 concentration versus MGW feed component....................160 
Figure 61: Maximum CO2 concentration versus Total feed divided by the headspace 
volume......................................................................................................................160 
Figure 62: Box plots of maximum, 3-day average and 14-day average compost 
temperatures .............................................................................................................162 
Figure 63: Time averaged daily leachate production (Feed additions indicated by dashed 
lines, numbers 1-6 refer to feed compositions in Table 58)........................................163 
Figure 64: Rate of gas emission based on diffusion transport model with a headspace 
CO2 concentration of 15%.........................................................................................171 
Figure 65: Internal and headspace methane concentration measurements relative to 
composting time for all monitored experiments.........................................................176 
Figure 66: Rate of emission of CH4 based on diffusion transport model (scenario 2).177 
Figure 67: Headspace %CO2 concentration profiles of compost bins with different water 
additions...................................................................................................................181 
Figure 68: Headspace %CO2 concentration profiles of compost bins with repeated feed 
additions (a) Airflow experiment, parallel reactor and H.C. systems (b) H.C. system 
emissions experiment................................................................................................182 
Figure 69: H.C. bin represented as bottom section of a cone......................................214 17 
 
For these reasons, 73% of Local Authorities were involved in the distribution of 
compost bins in 2004 and it is becoming an increasingly significant waste disposal route 
for biodegradable household waste in the UK, with approximately 15% of households 
participating in some form in 2004 (DEFRA 2005). Typical household diversion rates 
of between 100-400 kg/household/yr have been reported (Punshi 2000; Mansell et al. 
2001; Smith et al. 2001; Bexley Coucil et al. 2004), which equates to between 0.15-0.65 
million tonnes of waste composted at home per year in the UK. As participation rates in 
home composting grow, so too does the need for a better understanding of the emissions 
from home composting and the composition and quality of the compost produced. 
Ideally, composting is the aerobic microbial degradation of organic substrates to 
produce carbon dioxide, water, heat and a final product that is stable and can be safely 
and beneficially applied to land (Haug 1993). Outputs from an individual process 
depend on the specific microbial activity taking place, which is linked to the type and 
quantity of feedstock, management regime, temperature fluctuations, oxygen 
availability and pH levels of the compost in ways not currently understood in detail 
(Beck-Friis et al. 2001). Depending on these parameters, composting can also lead to 
emissions of gases such as CH4, N2O, NH3 and volatile organic compounds (VOCs) 
(Hellman et al. 1997). Although the emissions of these gases per bin may be quite low, 
when considered collectively, they may make a substantial contribution to total CO2 
emissions, and hence to global warming.  
 
This project was part of the SUE waste consortium programme funded by the EPSRC. 
Specifically it comes under the heading of Project 3: Appropriate scales and 
technologies for bioprocessing of organic urban wastes. Its role was to answer an 
identified gap in the literature regarding the environmental impact of home composting 
and how it compares with large scale centralised composting. The primary outcomes 
from the project were to: 
 
·  Identify and compare the available techniques for measurement and analysis of 
the emissions from home composting in order to find the most accurate and 
reliable methodology. 
 18 
·  Assess the potential for environmentally harmful emissions from home 
composting. 
 
·  Add to the body of knowledge within composting science regarding the 
relationship between key factors, including temperature, CO2 emission, pH, 
moisture content and feed properties. 
 
·  Compare the environmental impacts of unmonitored and possibly poorly 
managed home composting with well monitored and controlled centralised 
composting and its associated transport and processing emissions, in order to 
recommend which disposal route local authorities should emphasize. 
 
 28 
could survive the composting process and be spread with the final material. This 
could lead to the contamination of grown food in gardens or arable land, nearby 
water sources and the soil potentially putting animals and people at risk of 
exposure. The same is true of plant materials carrying diseases but there is an 
added concern of perennial weeds and weed seeds being spread if they are added 
to compost. 
·  may lead to the build up of environmentally harmful chemicals in the compost – 
organic wastes can be contaminated with harmful chemicals from fertilisers, 
pesticides, traffic exhausts, household cleaning products and wastes. If these 
materials are composted the mass and volume loss during the process can 
increase the concentrations of the harmful chemicals. Again, this could lead to 
the contamination of grown food in gardens or arable land, nearby water sources 
and the soil potentially putting animals and people at risk of exposure.  
 
The magnitude of the risks above depend very much on how well the compost process 
is managed and other factors such as the type and quantities of each feed component, 
the type of compost bin or heap, the bin location and the temperature the bin reaches 
during composting. The key composting parameter than can mitigate pathogen related 
problems is temperature. Different pathogens require various temperatures for different 
periods of time to ensure their destruction. Section 2.6.1 discusses the legislative 
requirements of different processes to ensure this destruction occurs for particular feed 
materials. Due to this complexity, and the difficulty of reaching and maintaining high 
temperatures at the home composting scale, advice given by the majority of relevant 
sources (different local authorities, master composter courses, leaflets, the Composting 
Association, environmental groups etc.) is to exclude all potentially hazardous materials 
from home composting. 32 
Institute of Pubic Finance and Accountancy (CIPFA) statistics as these include some 
very unreliable local council estimates of their household home composting waste 
disposal rates. The large variation in home composting additions and the limitations of 
small scale studies is very apparent from the data, with the maximum weekly addition 
being anywhere from 2 to 20 times the minimum as in the case of annual (CIPFA) total 
additions and the standard deviations varying between 20 to 60% of the average values. 
 
The overall average annual addition was found to be 296 Kg/yr without the CIPFA data, 
and a much lower and less reliable 159 Kg/yr including it. Total additions were found to 
be larger in the summer period, presumably due to this period including the main 
growing season, when more garden waste is produced. This is not shown in the garden 
waste specific data, however, where the summer and winter additions are actually 
almost the same. This is almost certainly the result of a small and non-representative 
data sample however, as the total annual garden waste additions were much larger at 
224 Kg/yr. It also does not reflect that the weekly summer addition had a much larger 
maximum weekly addition of 3.9 Kg compared to 2.6 Kg in winter. A comparison of 
the total and summed individual composition and seasonal additions, which should be 
the same in theory, is shown in Table 8. As already discussed the largest discrepancy 
occurs with the garden waste data, which has a summed weekly addition of 1.6 Kg but 
an actual annual value of 4.3 Kg. The other combined summer and winter additions 
agree very closely with the annual values, but the summed components again vary quite 
significantly from the overall totals, further illustrating the limited accuracy of the 
sampled data.  
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Compost quality 
Samples of mature compost material from all bins were analysed for a suite of chemical 
determinants (Table 18) and were also subjected to a plant growth trial relative to peat 
and an unamended control. By testing composts produced by a statistically significant 
sample of home composters a good indicator of the range and average compost quality 
can be found. The effect of the four factors: garden size, mixing, earthworm inoculation 
and use of accelerators were analysed but no significant variation was found.  
 
The report indicated that the home produced composts generally had higher contents of 
major nutrients than those typically reported for centralised composting. It also reported 
that this may be because woody plant remains of low nutrient status are generally 
excluded from home composting. A further point raised was that high variability in 
home composts may be related to the extent of fertiliser used by individual home 
owners and the associated nutrient content of their plant debris.  
 
The results of the growth trial indicated that the home composts are effective 
replacements for peat based substrates for general horticultural use as well as soil 
improvers. The peat and control tests produced an average of 120 and 140 cumulative 
flowers per plant respectively while the home composts produced from between 148 to 
215, a significant improvement. These results are significant in terms of environmental 
impacts; if home produced compost is able to replace peat, this can reduce the 
environmental damage done by removing peat and the transport emissions associated 
with its distribution for home use.  
 
The chemical properties analysed do not cover all the properties typically required by 
compost standards or specifications. In the case of the PAS 100 specifications for soil 
improvers or fertilisers (See 2.6.2) for example, the following required parameters are 
missing: 
·  Pathogens (human) 
·  Potentially toxic elements 
·  Physical contaminants 
·  Phytotoxins 
·  Weed propagules 59 
The following section reviews and critiques the methodology and results of the study. 
 
Household selection for monitoring experiment 
The home composting activities of 12 households were monitored, selected by survey 
responses to cover the following variables: 
 
·  Four compost systems selected as representative of all systems in use:  
·  Unconfined heap 
·  Wooden self built, open structured composter 
·  Local authority supplied simple, unventilated container 
·  Plastic ventilated purchased unit 
·  Users classified as active or inactive based on volunteer description of their 
activity: 
·  Inactive – little or no material pre-treatment and did not turn the heap. 
·  Active – turned their compost more than once a year and attempted to balance or 
pre-treat the waste input. 
 
The advantages and disadvantages of this type of investigation have been discussed in 
detail in Section 2.8.5. 
 
Gas analysis 
Methane and CO2 analysis was carried out using a Geotechnical Instruments GA 94-1 
gas analyser, shared between the households allowing approximately weekly analysis, 
possibly not a sufficient frequency to accurately assess composting gas emissions. VOC 
and ammonia measurements were made using diffusion tubes in four 1 month 
campaigns representing winter, spring, summer and autumn. In closed compost bins the 
headspace gas was analysed, while in the open systems a flux box method was used (see 
Section 2.12). 
 
Carbon dioxide analysis gave a measured value in only 32 out of 112 readings, a 
surprisingly low number, possibly related to the frequency and timing of the 
measurements. The detection limit of the methane analysis equipment initially used was 
0.1 volume %, which produced readings in only 2 out of 112 measurements. More 68 
This complex flow system makes quantifying gas emissions difficult as there is no 
specific gas outlet point at which to measure composition and flow rate. The simplest 
alternative for monitoring the gas composition is to sample from the headspace (B in 
Figure 11), which was the technique used in previous research ((Wheeler 2003; Smith et 
al. 2004). This method depends on the headspace gases being well mixed and 
representative of all gases exiting the compost system. Previous research has reported 
that stratification of gases is not a sampling issue in the headspace of vermicomposting 
units (Hobson et al. 2005) indicating that headspace gases are well mixed. Options for 
measuring or calculating the flow rate are discussed below. 
 
Direct measurement or collection from the top of the compost unit 
This would involve sealing the circumference of the lid, where there is the opening 
between it and the compost bin, and adding an outlet tube to the top of the unit. It could 
then be attempted to either measure the flow rate of gases through the outlet with a low-
volumetric flow meter or collect them by means such as low-weight polythene bags for 
future measurement. The disadvantages of this method are: 
·  This method is based on the assumption that the overwhelming majority of gas 
exits the bin at the top by route C1 and not by route E on Figure 11. 
·  The changes in air flow caused by the alterations to the compost unit may have 
further effects on the composting process depending on the specific design. 
·  Sealing the lid onto the bin will cause practical difficulties in managing and 
feeding it. 
·  Most suitable and readily available flow measurement or collection systems 
offer some resistance to flow so will, to some extent, reduce the flow rate of 
gases exiting at the top. This further reduces the validity of the initial 
assumption. 
 
Flux box method 
Flux boxes are a method used for monitoring gas emissions from various waste 
management processes (Epstein 1997; Environmental Research and Education 
Foundation 2003; Hobson et al. 2005). The method involves an airtight container open 
at one end partly embedded in the gas emitting material (landfill/soil/compost) and the 
gas composition in the open space is monitored over a set time. The composition over 69 
time, area, volume and Fick’s law of diffusion are then used to calculate the rate of 
emission of the component gases from the emitting material. The problem with this 
method for use in composting, identified by Epstein (1997) is that it assumes that 
molecular diffusion is the only method of gas movement into the box. Where 
temperature gradients and convection currents are present this assumption is not valid.  
 
Pressure or temperature difference 
The driving force for the bulk air movement from the headspace to outside the compost 
bin can be expressed in terms of the pressure and the temperature difference. It should, 
therefore, be possible to estimate the gas flow rate by measuring the conditions in the 
headspace and the ambient conditions. Difficulties arise however from the irregular 
outlet area, which is the space between the lid and the bin. The calculations would 
require estimation of the open area given by the space and the resistance to flow which 
would vary with the fitting and tightness of the lid and any moisture or particles in the 
space. Alternatively a similar approach to the direct measurement method could be 
made by sealing the space and adding a specified outlet but this would offer the same 
disadvantages discussed previously. 
 
Theoretical estimate by mass balance 
This method is known to have been used by EA Technology in estimating air flow rates 
through compost bins from their work discussed in Section 2.9.2 (Wheeler 2007). In 
this case, a mass balance was performed on carbon to estimate the mass of carbon lost 
annually in a particular process. By assuming that bulk convective flow was the gas 
transfer mechanism, the average annual carbon dioxide concentration in the headspace 
was then used to calculate the volume of air that would be required to maintain this 
concentration given the mass of carbon lost. This method allows estimation of air flow 
rates from some fairly simple measurements, however, the quality of the estimates 
produced are very dependent on the accuracy of the values used in the calculation and 
validity of the underlying assumptions. Previous work has been dependent on a limited 
data set and several significant assumptions, rather than case specific measurements, 
including: 
·  National averages to estimate the waste input composition 
·  Microcosm studies to estimate carbon released as CO2 70 
Reactor data comparison 
A novel method proposed here is to estimate the equivalent air exchange rate in an 
standard H.C. system by comparing it to the forced aeration rate in a reactor system. 
This would involve running a number of reactors under different flow rates 
simultaneously to an otherwise identically run H.C. system. The estimate could be 
calculated in two ways, which can be carried out simultaneously. Firstly, by comparing 
the process conditions, particularly the carbon dioxide concentrations it would be 
possible to identify which flow rate most closely matches the H.C. system. The 
alternative method is to calculate the oxygen consumption in the reactor from the flow 
rate and the inlet and outlet oxygen concentrations. The reverse calculation can then be 
performed on the open system to estimate the equivalent air flow rate.  
 
This experiment is dependent on two main assumptions; firstly that the composting 
parameters of the two systems remain approximately the same over the course of the 
experiment; and secondly that the oxygen concentration in the headspace is dependent 
only on the rate of exchange of air within the bins. The weaknesses in these 
assumptions stem from the following facts: 
 
·  The oxygen concentration is dependent both on the rate of consumption of 
oxygen and also the rate of air exchange. 
·  The air exchange in the open bins will be more dependent on the temperature 
and so activity within the compost due to its influence on convection. 
·  When the oxygen concentration is lower in the open bins the rate of diffusion of 
oxygen from external air into the bins will have a greater driving force and so 
will increase. Within the forced system however, the air exchange rate is 
constant and independent of all other factors; the rate of oxygen consumption 
being the only variable affecting the oxygen concentration (although this is 
dependent on other factors).  
·  The rate of oxygen consumption is dependent on how much of the compost has 
access to the air. In the forced system oxygen could potentially reach more 
densely packed parts of the compost or further into compost particles due to 
slightly higher pressure. This would result in a greater oxygen consumption rate 
even though the amount of compost was the same.  77 
moisture, pH, O2 conc. etc.) over the period they have spent degrading. Although after 
many feed additions there will, in total, be a large amount of material present; if most of 
the activity in the degradation of a component occurs in the first one or two weeks then 
the bulk of the material will be relatively mature and less active. Only if the total 
emissions of the compost in the bin allow the concentrations to reach detectable levels 
will emissions be measurable. 
 
For example if 2kg of fruit waste is added to the bin in a week long period it could be 
that under the conditions in the bin (temperature, oxygen concentration, moisture, pH 
etc.) the decomposition would produce 1 µg CH4 per  kg fruit waste. If this figure was 
combined with the total mass of fruit waste composted annually it may add up to a 
significant value. As it occurs in such small increments however, it is undetectable 
within the bin, leading to the incorrect conclusion that no harmful emissions are 
produced. The potential significance of this problem depends on the detection limits of 
the monitoring equipment used.  
 
Monitoring the decomposition of much larger quantities of the relative materials or 
reducing the gas flow rate could cause emissions to reach detectable levels. The effect 
of both of these changes, however, is to reduce the airflow per unit mass through the 
material which would change the conditions of the process and so invalidate the results. 
Alternatively the minimum airflow at which emissions reach detectable limits could be 
investigated, giving an indication of how far the conditions in compost bins are from the 
conditions at which the emissions become significant. This experiment would require 
accurate control of the composting parameters.  
 
The two methods of feeding home compost bins chosen to be investigated are:  
 
·  One large bulk feed (20+ Kg): This would encourage quicker composting at 
higher temperatures. Emissions would be more likely to reach detectable levels. 
The lid of the compost bin would not be removed for feeding which could affect 
the air composition. It is unlikely to be representative of typical home 
composting behaviour.  79 
experiments to observe the effects of insulation and adding water may also aid 
understanding in these areas. Performing the experiments on soil will at least allow 
macroscopic life to access the compost but it would be very difficult to ensure 
consistency or repeatability in this parameter.  
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of the CO2 concentrations, so higher flow rates should be used in future 
experiments.  
·  Humidity was found to be almost 100% in all cases, showing that was no need 
to continue monitoring it in future experiments.  
·  The experiments could be improved by using mature compost material to reduce 
the headspace volume in the reactors and H.C. bins, which would also inoculate 
the composting process and make them more similar to H.C. bins used by the 
public. 
·  Surface pH analysis produces similar results to the solution method but is more 
variable, so the standard approach using the solution method should continue to 
be used. 
·  Adding in-line monitoring of the reactor air flow rate would ensure any drifting 
of the pump flow rate could be observed and corrected. 
·  The changes to the temperature profile throughout the compost caused by 
insulation are not worth the improvements to repeatability for the purposes of 
this project so this will not be used as standard for future experiments. It could 
still be used as an experimental parameter however, to observe the effects of a 
different temperature profile on the home composting process.  
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As a large number of interrelated parameters influence the CO2 concentration, its 
relationship with any individual parameter is complex and extremely difficult to 
analyse. Despite this fact, the simple linear correlation of CO2 concentration with some 
of the potentially more significant factors was tested, including the size of the feed 
addition and the headspace volume. The headspace volume was calculated from the 
compost depth using the calculation in Appendix 6. The calculated correlation 
coefficients, and the strengths of the relationships, as indicated by r
2, are shown in Table 
55. The plotted data using the maximum CO2 concentration is shown in Figures 58 to 
61. A positive linear correlation was observed, as anticipated, with larger feed additions 
leading to greater CO2 emissions and headspace concentrations. The large range of 
experimental conditions and their complex interaction, however, means the strength of 
the linear relationships is very low, with values of r
2 at or below 0.1. It can be seen that 
more positive correlation exists with the maximum, followed by the 3-day average 
values. For example, the total feed addition correlation for the maximum, 3 and 14 day 
average concentrations is 0.21, 0.19 and 0.08 respectively. This is unsurprising 
considering that over 14 days the CO2 concentration tends towards a similar low value, 
whatever the initial conditions. The results in Table 55 also show that there is a more 
positive correlation if the grass addition is considered individually, which has a value of 
0.36, when compared to the total or individual MGW feeds, which have values of 0.21 
and 0.23. The r
2 value is also higher for the grass addition at 0.13, compared to 0.04 and 
0.05. This difference can be explained by the fact that the grass component is the most 
readily compostable, and therefore the dominant contributor to CO2 emission. It was 
thought that taking account of the headspace volume would increase the correlation, but 
the results show there is actually little difference. The correlation with the maximum 
concentrations has a similar value of 0.23, although the 3-day average value is slightly 
higher at 0.3 compared to 0.19 without accounting for the headspace volume. 167 
3.  The convection driven rate of gas exchange from the H.C. bins was significantly 
higher than the flow rates used in the sealed reactors. While higher convection 
driven flow rates are possible according to theoretical models (See Section 
2.13.3) they do not match experiment observations. The exiting gases from the 
reactor outlets were easily observable from the physical sensation of gas flow 
and droplets of moisture spitting outwards. Although the gas outlet route from 
H.C. bins would be the space between the lid and bin rather than a single outlet 
it seems unlikely that there would be no noticeable signs of such a high rate of 
gas flow.  
4.  The rate of air exchange from the H.C. bins was significantly higher than the in 
the sealed reactors but was by primarily by the mechanism of molecular 
diffusion rather than convective flow.  
 
To gain further evidence for which of the above explanations was correct, an 
experiment was carried out in order to gain a greater understanding of the gas transport 
pathways through the H.C. bins (Section 4.7.9). The importance of each potential gas 
outlet in the bins was tested by sealing them to prevent any gas transport and observing 
the effect on the headspace CO2 concentration.  
 
The results can be seen in Section 5.9 in the carbon dioxide concentration profiles in 
Figure 50 and the average and maximum concentrations in Table 50. It is readily 
apparent that, despite its small area, the space between the lid and bin is an important 
gas transport route in home compost bins of this nature as is the space created around 
the bin hatch. While this was not unexpected, these results are interesting as they give a 
quantitative indication of the importance of the pathways. The average CO2 
concentration was more than doubled by sealing the lid and more than tripled by sealing 
the base as well. The fact that the sealed barrel produced even higher concentrations 
indicates that the closer contact with the ground caused a further reduction in gas 
transport, reducing it to near zero, based on the time it took for the concentration to fall 
below the maximum possible of 20.9%. It could, therefore be assumed that gas transport 
at the base also plays a significant role in gas transport in H.C. bins, though presumably 
not as significant as when the other openings are sealed. Based on the apparent affect of 
sealing the bin lid area, if bulk convective flow were a significant transport mechanism, 
it would be expected that some flow would be detected through the flow meter of the 168 
third system tested. Despite the relatively low detection limits of the meter, however, at 
under 0.4 Litres per minute, there was no flow detected at any time. This is very strong 
evidence that molecular diffusion is the dominant gas transport mechanism in home 
compost bins.  
 
To summarise, the primary conclusions from this data are that: 
·  Small openings around compost bin hatches or other openings present in 
different models, as well as around the base do play a role in gas transport. 
·  Molecular diffusion is the dominant gas transport mechanism  
 
These conclusions have strong implications for the methodology used to quantify the 
gas emissions from gas concentration data (See section 2.12). 
 
In order to check this conclusion theoretically, a simple numerical model has been used 
to investigate whether diffusion is able to account for the observed rates of mass 
transfer. The simplified model is based on a constant rate of diffusion of CO2 through a 
stagnant layer of air at the interface between the headspace gases and ambient air. This 
assumes that there is no bulk movement of air into or out of the bin and therefore the 
layer of air at the interface is stagnant. The air flow experiments discussed previously 
found no evidence of bulk gas flow taking place but did not rule it out entirely. The 
model can therefore at best be used as an order of magnitude indicator of the 
contribution of diffusion to the mass transfer of CO2 from H.C. bins and not for making 
accurate predictions. If the subscripts 1 and 2 refer to the two sides of the stagnant layer 
and the subscripts A and B refer to CO2 and air respectively, then the rate of diffusion 
through a stagnant layer is given by Equation 8 (Coulson et al. 1999). 
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·  Methane production is lower in the forced aeration reactors because, despite the 
higher CO2 concentrations when compared to the H.C. bins, the oxygen that is 
present is able to penetrate more deeply into compost particles due to the higher 
air pressure and different flow system. There are therefore fewer zones that are 
sufficiently anaerobic for methane production to occur. 
 
In most cases, both duplicates in an experiment showed similar methane emissions but 
there are some where only one showed raised emissions, as in the case of the 5L/week 
experiment, where one of the pair gave a much higher measurement than the other. This 
could be a result of the sampling procedure; the duplicate bins were sampled on 
alternate days, meaning a short duration of raised CH4 emission could be missed in one 
of the bins, while it was captured in the other. Another possibility is that very specific 
conditions are required for CH4 emission, such as a very compressed, moist and high 
temperature region within the compost and this only occurred in one of the bins, due to 
variations in material packing and structure.  175 
Figure 65 shows the internal and headspace concentration measurements against 
composting time. The scale is reduced so that, although the few higher concentrations 
measured made are not visible, the details for lower concentrations are. It can be 
observed that, when raised concentrations were found, particularly in the headspace, 
they were predominantly in the first 1-3 days of composting. In the internal gases higher 
concentrations were found over longer periods, up to 15 or 20 days. The exception to 
this pattern was the food waste compost in the open bin. The details of this experiment 
can be found in Section 6.2.3. It consisted of a bulk feed of 18Kg of food waste that had 
been built up by small weekly additions in duplicate forced aeration reactors. After 6 
weeks at the end of the airflow test the composting material was transferred to a 
standard compost bin for further long term measurements to be made. Despite no 
methane having been detected during the airflow experiments, methane was detected at 
this time and consistently for the following 90 days. The key feature of this feed 
material, in terms of methane production, is likely to be its physical structure and 
moisture content, causing there to be very little free air space within the material for 
oxygen to enter and flow through. Despite its relatively small volume therefore, a large 
proportion of the internal mass was likely to be anaerobic while the surrounding gases 
were high in oxygen content. 184 
using the worst case scenario. The relative impact of variation in this value is not, 
therefore highly significant to the total value. 
 
Considering the complex and diverse nature of centralised composting operations 
estimates of the anthropogenic GHG emissions they cause vary greatly depending on 
the specific operations and methods used to analyse them. This is reflected in the small 
sample of estimates shown in Table 71 which range between 20 to 55 Kg CO2 
equivalent per Tonne of waste composted. Taking even the lowest estimate of 20 Kg 
CO2E/Tw, however, the emissions from centralised composting operations are still 
almost double the very worst case scenario for home composting of 11.5 Kg CO2E/Tw. 
When it is considered that this is also based on the, largely invalid, assumption that 
there are no climate relevant trace gas emissions from centralised operations it becomes 
clear that home composting is far superior to centralised composting in terms of GHG 
emissions. Making comparisons between home composting and other, non-composting 
forms of waste management is significantly more difficult due to the added complexities 
of avoided energy and materials, and carbon sequestration. Quite detailed analyses of 
these issues have been performed within certain constraints by Knipe (2007) and AEA 
Technology (2001). 189 
is important in determining appropriate methods to quantify gaseous emissions 
from headspace gas concentrations.  
·  Based on the assumption that the rates of CO2 emission were not significantly 
different between the reactor and H.C. bin systems, a model of gas diffusion 
through a stagnant layer of air was applied to H.C. bins to produce quantitative 
estimates of the upper ranges of emission rates of trace gases such as methane 
(Section 6.8). 
 
The use of controlled reactor system experiments produced valuable data on rates of 
CO2 emission that was instrumental in understanding the gas exchange mechanisms in 
home compost bins. It was difficult to judge, however, due to limitations in the sample 
size and the degree of variation between even duplicate experiments, how differences in 
the reactor and H.C. systems affected the composting processes. The apparent 
importance of diffusion in the H.C. systems caused significant differences in the gas 
composition measurements, with typically higher concentrations of CO2 but lower 
concentrations or no detection of trace gases in the reactor systems (Section 6.8).  
 
The second project aim was to assess the potential for environmentally harmful 
emissions from home composting. Trace gas analyses carried out on H.C. headspace 
gases (Section 6.9) found no detected emissions of N2O but emissions of NH3 of up to 
15.5 g/T feed. Volatile organic compounds were detected at only very low 
concentrations, with the most concentrated being limonene at 95 ppb, and none of 
significant environmental or health concern. Emissions of methane were detected but 
only in a small number of cases, typically in the first 2-3 days following feed addition, 
and at very low concentrations. The highest single detected concentration was 86ppm 
within the compost bin headspace with a simultaneous concentration of 280 ppm within 
the internal compost matrix. A food waste only feed was observed to behave differently 
from larger garden waste feeds with consistently higher methane concentrations of 
between 5-30 ppm detected for almost 100 days after the last feed addition. This was 
likely to be caused by the physical structure and moisture content of the food waste, 
causing there to be very little free air space within the material for oxygen to enter and 
flow through. Despite its relatively small volume therefore, a large proportion of the 
internal mass was likely to be anaerobic while the surrounding gases were high in 
oxygen content.  190 
 
The third project objective was to add to the body of knowledge within composting 
science, regarding the relationship between key factors, including temperature, CO2 
emission, pH, moisture content and feed properties. A number of composting 
parameters were investigated during the project (Section 6.2) and the trends identified in 
the data matched existing knowledge on the influence of the tested parameters. The 
variability inherent in composting processes and limitations in the number of 
experiments that could be performed limited the number and types of conclusions that 
could meaningfully be drawn. An important point that was highlighted was the degree 
of influence of the composting parameters, including the feed composition and size and 
process management, on H.C. performance. Large differences were observed in CO2 
production, mass balances and temperatures reached with relatively small changes in 
composting parameters. Estimates of an overall mass balance for home composting 
under select conditions were calculated and compared with other estimates from the 
literature (Section 6.12). On the basis of these values the total, biogenic and 
anthropogenic equivalent CO2 emissions from home composting in the UK in 2008 
were calculated. Total emissions were estimated to be between 150 to 300 thousand 
tonnes/yr, with 7 thousand tonnes/yr from anthropogenic sources.  
 
Analyses of the physical chemical properties of selected mature composts showed that 
they were of sufficient quality to pass the PAS 100 specification for composted 
materials. This confirmed previous work in the literature finding home produced 
composts could be used as safe and beneficial soil improvers (Section 6.7). Leachate 
production was quantified as between 0.04 to 0.45 L/Kg waste depending on the feed 
composition. The properties of compost leachate will vary significantly with the 
compost feed materials. Although not within the scope of this project, compost leachate 
has been analysed in other research and home compost leachate specifically by Wheeler 
(2003, 2007). Considering the composition and rates of emission of home composting 
leachate, the environmental impacts are likely to be negligible as long as standard 
advice on which waste materials to compost is followed.  
 
The final aim of the project was to compare the environmental impacts of home 
composting with those of centralised facilities. The total equivalent emissions of 
anthropogenic climate relevant gases from home composting activities and centralised 192 
fairly simple but well designed and intensive project of data collection from home 
composting activities by the public could provide substantial benefits, particularly the 
following: 
·  A larger sample of gas composition measurements, identifying the frequency 
and concentrations of methane and nitrous oxide measurements would improve 
the confidence in and accuracy of total emissions calculations and enable the 
proportion of activities resulting in their emission to be accounted for. 
·  Further data on the properties of feed additions, management practices and their 
relative frequencies could enable more accurate mass balances to be performed 
accounting for different scenarios and their proportions within the public’s 
composting activities.  
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·  The thickness of the stagnant layer of air would depend on the physical 
properties of the compost bin. The presence of a stagnant layer of air around the 
lid is itself uncertain, disregarding its thickness but assuming its existence the 
thickness would most likely have an upper limit of a few mm.  
·  The surface area of the interface at which the mass transfer takes place is 
theoretically determined by the circumference of the bin at the height where the 
lid closes around it and the width of the space between them. For the H.C. bins 
used in this project the circumference is 1.0m. The width of the opening, 
however, is difficult to define as the lid is stretched and clamped around the bin 
meaning space is only created by the unevenness and inflexibility of the contact 
surfaces meaning the actual width will vary around the circumference. As a 
simplifying assumption a constant value can be used with an upper limit of 
around 1mm.  
·  The molecular mass of CO2 is 44 g/mol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 